Abstract Gonado-hypophyseal lesions and reproductive hormonal changes in Brucella melitensis-infected mice and its lipopolysaccharide (LPS) were investigated. Forty-eight mice (24 males and 24 females) were used as infection models in this study, and they were divided into three equal separate groups of eight mice based on their sex: M1, M2, and M3 and F1, F2, and F3 (M=Male, F=Female). Groups M1 and F1 were orally inoculated with sterile phosphate-buffered saline (PBS) and served as the negative control. Groups M2 and F2 were orally inoculated with 0.4 ml of 10 9 colony-forming units (cfu) of B. melitensis, while groups M3 and F3 were orally inoculated with 0.4 ml of LPSs from 10 9 cfu of B. melitensis. All the groups were observed for 10 days for changes in clinical signs or signs of mortality and then euthanized. Whole blood was collected via cardiac puncture, while tissues were fixed in 10 % formalin for histopathological processing. Histopathological lesions in the male and female reproductive tracts ranged from mild to moderate degenerative, inflammatory, and necrotic lesions. These changes were moderate in M2 than in M3 in males and in F3 than in F2 groups in females. Lesions in the pituitary gland ranged from mild to moderate inflammation and necrosis with astrogliosis. F2 and M2 groups had more lesion distribution in the pituitary gland than F3 and M3 groups. There was a 13 % decline in progesterone concentration in F2 and a 44 % decline in F3. Estradiol level declined by 33 % in F2 and slightly increased by 4.2 % in F3. Progesterone-estrogen ratio (P/E) increased by 31 % in F2 and declined by 46 % in F3. Testosterone concentration increased by 74 % in M2 and decreased by 56 % in M3. The study showed that oral administration of B. melitensis affects the pituitary gland and may alter the hypothalamicpituitary-gonadal axis.
Introduction
Brucella melitensis species are facultative intracellular pathogens that are capable of surviving and replicating within phagocytic cells of the host (Díaz Aparicio 2013) . The natural hosts of B. melitensis are adult goats and certain breeds of sheep, and it is also highly pathogenic to man, causing one of the most serious zoonoses known as Malta fever (Godfroid et al. 2005) . B. melitensis has been shown to be predilected in the reproductive tract and lymphatic ganglia of female and male animals. However, it can colonize the central nervous system, bone marrow, mammary glands, bones, renal cortex, and synovial membranes (Megid et al. 2010 ). The main clinical signs of B. melitensis infection in the female are abortion in the last 2 months of gestation, placenta retention, and giving birth to weak offspring (Megid et al. 2010; Ahmed et al. 2012) . At the herd level, a general decrease in herd fertility, an increase in kid or lamb mortality with low weaning percentage, a decrease in milk production, and an increased culling of males due to chronic lesion on reproductive organs are observed (Megid et al. 2010) . As in other gram-negative bacteria, the lipopolysaccharide (LPS) in Brucella is one of the most biologically active and important components of the outer membrane (Godfroid et al. 2005) .
In a related study, Abdullah et al. (2013a) reported that male and female mice orally inoculated with B. melitensis and its LPS showed mild clinical response and developed pathological changes in the reproductive organs. However, those inoculated through the intraperitoneal route showed more severe lesions (Abdullah et al. 2013b . Similarly, AL-Sa'aidi et al. (2012) stated that hormonal assessment in Brucella-infected cows and buffalo showed significant reduction in progesterone and progesterone-estrogen ratio. However, information on the association between the changes observed in the reproductive organs of both male and female mice with concentrations of reproductive hormones following oral inoculation of B. melitensis and its LPS is scarce. Therefore, this study was designed to evaluate the pathological changes in the reproductive organs and pituitary gland of mice following oral inoculation with B. melitensis and their association with reproductive hormonal levels.
Materials and methods
Preparation of B. melitensis culture B. melitensis stock culture (Strain 152) was obtained from the histopathology laboratory, Faculty of Veterinary Medicine, Universiti Putra Malaysia (UPM). Preparation of 10 9 colony-forming units (cfu) of B. melitensis was done by adding and mixing distilled water onto plates containing pure cultures of B. melitensis before the bacteria was transferred into sterile test tubes. These sterile test tubes were then further diluted with distilled water and compared with a McFarland standard to determine the 10 9 cfu of B. melitensis.
Preparation of LPS extract from 10 9 cfu of B. melitensis
The LPS of B. melitensis was extracted using an Intron Biotechnology® LPS extraction kit as stated by the manufacturer. In this study, 10 9 cfu of B. melitensis was used for LPS extraction. The pellet obtained after the extraction was washed with 1 ml 70 % ethanol and dried. Seventy microliters of 10-mM Tris-HCl buffer at pH 8.0 was added to the pallet and allowed to dissolve by boiling for 2 min (Abdullah et al. 2013a (Abdullah et al. , b, 2014 .
Ethical approval
The study protocol followed the ethical guidelines on the proper care and use of animals and had been approved by the Institutional Animal Ethics Committee Universiti Putra Malaysia, reference numbers: PM/IACUC/FYP-2013/ FPV.043 and FPV/FYP/2013/059.
Animals and experimental design
A total of 48 healthy ICR mice (24 males and 24 females) were used in this study. The mice were acclimatized in the laboratory environment for 15 days and then divided into three equal separate groups consisting of eight mice each based on their sex: M1, M2, and M3 and F1, F2, and F3 (M = Male, F = Female). Groups M1 and F1 were orally inoculated with 0.4 ml sterile phosphate-buffered saline (PBS) pH 7 and served as the negative control. Groups M2 and F2 were orally inoculated with 0.4 ml of 10 9 cfu of B. melitensis, while a b groups M3 and F3 were orally inoculated with 0.4 ml of LPS from 10 9 cfu of B. melitensis. All the groups were observed for 10 days for changes in clinical signs or signs of mortality.
Sample collection and evaluation
After 10 days, all the mice were euthanized using ketamine + xylazine, and whole blood was collected via cardiac puncture, separated through centrifugation at 250g to collect the serum for use in the hormonal assays. Tissue samples of the pituitary glands (both sexes), testes, and ovaries were collected; fixed in 10 % buffered-formalin-processed; sectioned; and stained with hematoxylin and eosin.
Histopathological lesion evaluation
Lesions such as degeneration and necrosis, inflammatory cellular infiltration, edema, congestion, and hemorrhage were evaluated from each group using six microscopic fields per slide at ×400 magnification. Lesion severity was thus interpreted as mild, moderate, or severe based on a previous scoring system reported by Khaleel et al. (2014) .
Hormonal analysis
Beckman Coulter Immunotech Radioimmunoassay kits were used for the determination of progesterone, estradiol, and testosterone concentration from the serum samples. Briefly, 50 μl of calibrator was added to the sample (control, LPS, or Brucella groups) and 500 μl of tracer in an antiprogesterone or anti-estradiol antibody-coated tube, mixed, and incubated for 1 h (progesterone evaluation) and 3 h (estradiol evaluation), respectively, at 18-25°C in a shaker set at 350 rpm. Wallac Wizard Gamma Counter model 1470 was used to determine the counts per minute (cpm) of the solution.
For testosterone determination, 200 μl of the serum sample was added with 2 ml of ethyl ether in a tube and vortexed vigorously for 1 min. The tube was then kept at−18°C until frozen aqueous phase was achieved. The aqueous phase was then transferred into labeled tubes and incubated in a water bath at 37°C for the evaporation process. The resultant dry ether extract was re-dissolved in 200 μl of recovery buffer and vortexed vigorously, and 50 μl was mixed with 500 μl of tracer in antibody-coated tubes. The tubes were covered and incubated in 37°C water bath for 1 h, and the solution was used for determination of total cpm using Wallac Wizard Fig. 2 Photomicrograph of the pituitary gland from male mice showing degenerative changes, congestion, and gliosis typified by astrocytosis. Lesions are mild to moderate in M2 (a) and mild in M3 (b). H&E ×200 Fig. 3 Photomicrograph of the testes from male mice showing degenerative changes, congestion, and edema in the seminiferous tubules and interstitium. Lesions are mild to moderate in F2 (a) and mild in F3 (b). H&E ×200 Gamma Counter (model 1470). Data obtained were expressed in bar graphs. The progesterone-estrogen ratio was calculated using the following formula below:PE ratio=P(in ng/ml)× 1000/E2(in pg/ml)where PE = the progesterone-estrogen ratio, P = progesterone, and E2 = estradiol (Özçakir et al. 2004 ).
Statistical analysis
Data obtained from hormonal studies were summarized as mean ±SD and presented as bar graphs using Microsoft Excel 2007.
Results

Histological findings
Pituitary gland
Degenerative changes characterized by cellular swelling, gliosis which was typified by astrocytosis, and vascular congestion were mild to moderate in the male and female pituitary gland sections of mice inoculated with B. melitensis (M2 and F2), while mice inoculated with LPS (M3 and F3) had only mild lesions ( Figs. 1 and 2 ).
Testes
The seminiferous tubular sections showed degeneration of spermatogenic cells, congestion of the testicular vessels, and edema in the interstitial spaces (Fig. 3) . These changes were mild to moderate in M2 and mild in M3.
Ovaries
Stromal cell degeneration, necrosis, congestion, and cystic cavitations were observed in the ovaries (Fig. 4) . These changes were mild to moderate in F3 and mild in F2. 
Hormonal assays
Progesterone concentration
Progesterone concentration showed a 13 % reduction in the Brucella group and 44 % reduction in the LPS group when compared to the control (Fig. 5) .
Estradiol concentration
Estradiol concentration showed a 33 % reduction in the Brucella group and a 4.2 % increment in the LPS group when compared to the control (Fig. 6 ).
Progesterone-estrogen ratio
The progesterone-estrogen ratio in the control group was 67:1, while it was lowest and declined by 46 % in the LPS group (36:1) and increased by 31 % in the Brucella group (88:1).
Testosterone concentration
Testosterone concentration increased by 74 % in the Brucellainoculated group, while a 56 % decrease was observed in the LPS group (Fig. 7) .
Discussion
The pathological changes observed in the ovaries of Brucella-infected mice were in agreement with that previously reported by Abdullah et al. (2013a) . In a related study, Abdullah et al. (2013b Abdullah et al. ( , 2014 observed more severe degenerative and inflammatory changes in male and female reproductive organs of mice following intraperitoneal inoculation of B. melitensis and its lipopolysaccharide. These findings showed that lesion severity was more following intraperitoneal route of inoculation than the oral route. Similarly, Mense et al. (2004) and Nasruddin et al. (2014) reported more severe lesions in the testes and epididymis of monkey and goats, respectively. These lesions were likely due to replication of the bacteria in the epithelial cells, which results in the release of inflammatory cytokines (Baldi and Giambartolomei 2013) . The lesions observed in the pituitary gland in this study have not been previously reported. However, neurobacillosis marked by encephalitis and meningitis typified by astrogliosis is a striking feature of Brucella abortus infection of the brain (Baldi and Giambartolomei 2013) . Thus, since B. melitensis is considered to be less pathogenic than B. abortus, this neural pathway can be further explored to better understand its relation with other pathologies observed.
In this study, changes in reproductive hormonal levels were observed in both male and female mice inoculated with B. melitensis and its lipopolysaccharide. In a related study by AL-Sa'aidi et al. (2012) , a significant decrease in progesterone, estradiol, and P:E ratio was observed in buffalo cows that suffered abortion due to brucellosis, which was attributed to increased steroidogenesis of prostaglandins, which mimics term pregnancy and thus results in abortion. Our findings were similar to this as we observed a decline in estradiol in the two experimental groups (F2 and F3), while P/E ratio only declined in the LPS group. Therefore, the increase in progesterone level and P/E ratio in the Brucella treatment group may be due to increased steroidogenesis or due to the pituitary lesions, which may significantly alter the hypothalamic-pituitary-gonadal axis. This may also explain the variations observed in testosterone level of infected male mice since cerebral lesions were also observed. Although mice have been widely used as infection models in brucellosis research, lesion development in the male reproductive system has been inconsistent (Grillo et al. 2012) . Silva et al. (2011) observed that initial infection of male mice with Brucella ovis produced lesions in the testes and accessory organs, but subsequent infection resulted in inflammation of the peripheral tissue only. Since lesion development and severity are also dependent on the route of infection, it will be expected that oral inoculation will result in localization of lesion in the gastrointestinal tract and associated lymphoid tissues; thus, the severity of lesion in the reproductive organ may be mild (Grillo et al. 2012 ). This buttresses the earlier point that lesions observed in the reproductive organs following oral inoculation were less severe compared to those observed following intraperitoneal inoculation (Abdullah et al. 2013b . 
Conclusion
This study has shown that oral inoculation of B. melitensis and its LPS produced lesions in the reproductive organs and pituitary gland as well as alteration in reproductive hormones in both male and female mice.
